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INTRODUCTION
Worldwide many long-distance migratory species are in de-
cline (Wilcove et al. 2008) creating an urgency for a detailed 
mapping of their migratory itineraries to aid the development 
of conservation strategies. There has been an explosion in 
the use of geolocators to track migratory waders since it 
was revealed in early 2009 that these had been successfully 
carried on long distance migration by a species as small as 
Wood Thrush Hylocichla mustelina (Stutchbury et al. 2009). 
Wader banders worldwide perceived the opportunity to use 
electronic tracking methods on a much wider range of spe-
cies than previously studied with the aid of the much heavier 
(5–30 g) satellite transmitters.
In the last two years light level geolocators have been 
deployed on at least 18 different wader species (Appendix 
Table 1). These have ranged in size from Eastern Curlew 
Numenius madagascariensis down to Little Ringed Plover 
Charadrius dubius. A variety of back harness, leg flag or leg 
band (metal or plastic) methods have been used for attaching 
geolocators. Little or no effect on the birds’ behaviour has 
been reported though there have been signs of temporary 
inconvenience or irritation. Retention rates of geolocators, 
especially when attached to leg bands or flags, have been 
high. The scientific data already generated on migration 
strategies have been excellent, exceeding the expectations 
of most researchers. They have included some quite startling 
and unexpected results. 
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In 2010, following successful trials with geolocators on Ruddy Turnstones in 2009, a total of 105 units, of four 
different models, were deployed at five locations on Ruddy Turnstones and Greater Sandplovers. Geolocator 
retrieval rates were 44% on Ruddy Turnstone and 27% on Greater Sandplover. Complete (59%) and partial (15%) 
technical failure rates on geolocators were high and were mostly the result of wear and saltwater corrosion. All 
30 units from the Swiss Ornithological Institute failed. Only half of the Mk10 and Mk12 units from the British 
Antarctic Survey produced full migration histories. 
The northward migration of Ruddy Turnstones was on a narrow path with many birds completing an initial 
non-stop flight of 7,600 km to Taiwan. Later, most made a stopover in the Yellow Sea. Median migration 
duration was 39.5 days and average migration speed of the first major leg of the journey (assuming the birds 
followed the great circle route between stopovers) was 63.4 kph. Southward migration paths showed a much 
wider spread, ranging from Mongolia to the central Pacific. The latter involved the same bird that had been 
tracked along this route the previous year. It has now been logged on similar 27,000 km round trips in two 
successive years. The median duration of southward migration (78 days) was nearly twice that of northward 
migration and data on average migration speed for just two migration legs indicated that it might be lower, 30 
and 40 kph being the values recorded. 
Greater Sandplovers were only tracked on northward migration but seemed to follow a similar migration 
strategy with a large initial non-stop flight followed by shorter flights and more regular stopovers. Plans are 
outlined for further analyses and future deployments of geolocators. 
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At this relatively early stage in the use of this new technol-
ogy on waders, it is desirable for information on all aspects of 
geolocator work to be disseminated as widely and quickly as 
possible to aid in the further development of this methodology 
and to service conservation. Some initial results on Bar-tailed 
Godwits (Conklin et al. 2010) and Ruddy Turnstones (Min-
ton et al. 2010) were published soon after the data became 
available. Also a summary of information and guidelines on 
the use of geolocators on waders has been published as the 
outcome of a workshop at the International Wader Study 
Group Conference in Lisbon in Oct 2010 (Clark et al. 2011).
Here we present results of geolocator deployments in 
Australia in Mar/Apr 2010, their subsequent retrieval and 
downloading of data. We cover two species, five capture 
locations and four different geolocator models. 
METHODS
Geolocators were attached to Darvic leg flags placed on the 
birds’ left tibias according to the same method we used in 
Mar/Apr 2009 (Minton et al. 2010). To allow individuals 
to be recognized in the field, a uniquely-inscribed leg flag 
was placed on the right tibia; a conventional metal band was 
placed on the right tarsus. The deployment of the pre-prepared 
and pre-activated geolocators only added a minute or two to 
the normal processing time for a bird.
All birds were caught by cannon-netting at high tide roosts, 
which is the principal method used for catching waders by 
the Victorian Wader Study Group (VWSG) in SE Australia 
(SEA) and by the Australasian Wader Studies Group (AWSG) 
in NW Australia (NWA). Ruddy Turnstones were caught at 
four locations in SEA: Barwon Heads and Flinders, Victoria, 
King Island in the Bass Strait and Nene Valley, South Aus-
tralia; Greater Sandplovers were caught in Roebuck Bay, 
NWA (Fig. 1). 
The Ruddy Turnstone work was an expansion from the 
initial trials carried out in 2009 (Minton et al. 2010). Greater 
Sandplovers were selected as the first species for study using 
geolocators in NWA because:
a. there have been no recoveries or flag sightings to indicate 
their breeding areas in spite of the fact that over 13,000 
have been banded/flagged over 30 years;
b. there has been a marked decline in the NWA population in 
recent years. Better data on migration strategy, especially 
favoured stopover areas, could be helpful in determining 
causes and possible conservation actions;
c. the retrap rate is higher than for other wader species caught 
in Roebuck Bay;
d. their size was considered adequate to carry a 1 g geolocator.
Our strategy for capturing birds already carrying geolocators 
was for several observers to intensively scan flocks collec-
ting near cannon-nets set at high tide roosts using telescopes. 
When a bird carrying a geolocator was found it was followed 
closely. Only if the bird entered the catching area was the net 
fired. This was a time-consuming business but gave better 
return rates than random catches. The process of identifying 
and following geolocator-carrying birds was made easier if 
the flag to which the geolocator was attached was of a dif-
ferent colour to the standard colour for that location e.g. the 
geolocators were put on orange-flags on Greater Sandplovers 
in NWA and this contrasted with the yellow flags on all other 
marked birds there.
Geolocators were supplied by British Antarctic Survey 
(BAS) and the Swiss Ornithological Institute (SOI). The 
BAS geolocators were provided ready-to-go with a protec-
tive layer of plastic. The SOI geolocators were provided as 
circuit boards which we covered with an Araldite coating 
when we attached them to the flags. Data from recovered 
BAS geolocators were downloaded by KG using the BAS 
software provided. Any which could not be downloaded were 
returned to BAS and in some cases BAS were able to extract 
useful data. SOI geolocators were all returned to Switzerland 
for downloading. 
We found that the interpretation of geolocator output was 
problematical because of the considerable scatter of location 
fixes, even for a bird that remained in one place (e.g. at its 
starting location or at a stopover). This was aggravated by 
inherently less accurate fixes close to the equator and, on 
southward migration, the inability of the geolocator to provide 
latitude information close to the September equinox (21 Sep). 
This is because at that time of year day-length is the same 
across a wide range of latitudes.
We produced maps based on Google Earth to show our 
best estimate of the route taken by each bird and each stop-
over location. We also listed the dates of all important move-
ments. Some information was gained on incubation periods 
based on records of the geolocator being in darkness while 
the bird was in continuous daylight in the Arctic.
We present two different estimates of the speed of migra-
tory flights:
1. “Migration speed” which we define as the average speed 
achieved by a migrant wader between one stopover and the 
next, assuming that the bird travels along the great circle 
route, and
2. “Putative ground speed” which we define as the average 
speed achieved by a migrant wader between one stopover 
and the next, assuming that the bird travels along the great 
circle route between successive 12-hour geolocator fixes.
To estimate the time of departure and arrival for each leg 
of migration we used the conductivity output of the geolo-
cators – which effectively provides a record of whether the 
bird is in contact with seawater every 10 minutes. We made 
the well-founded assumption that if a bird was in contact with 
seawater it was not flying and either had not departed or had 
already arrived; we also made the not-quite-so-well-founded 
assumption that when a bird was continuously out of contact 
with seawater it was flying. The conductivity record there-
fore provides a measure of the maximum possible flight time 
Fig. 1.  Location map showing the five study sites: four in SE Australia 
and Roebuck Bay in NW Australia. 
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which for birds that use salt water habitats at both ends of a 
flight might be actual flight time. Nevertheless our figures for 
flight duration should be treated with caution because they 
could be over-estimates (and consequently the speeds could 
be marginally higher). The record shows a broadly cyclical 
pattern when a bird is not migrating (i.e. before it has departed 
or is at a stopover) with periods out of contact with sea water 
not normally exceeding a few hours. We therefore judge that 
the conductivity record in unlikely to overestimate flying time 
by more than about four hours.
The accuracy with which distance along the great circle 
route could be determined depended on how well the depar-
ture and arrival locations could be identified. For a single fix 
we only assumed an accuracy of ±200 km (see Clark et al. 
2010), but almost invariably we had several fixes for each 
stopover and were sometimes able to use them to refine our 
estimate of location to ±50 km or less. Occasionally further 
refinement was possible based on limited availability of suit-
able habitat and in many cases a precise location was known 
either because it was the original capture location or the bird 
was seen in the field. 
BAS geolocator output gives a location fix every 12 hours 
based on the threshold transitions at dawn and dusk, and for 
our estimates of putative ground speed we assumed that the 
bird travelled along the great circle route between them and 
that the fixes were accurate. Neither of these assumptions 
can be justified, but we suggest that they allow us to make 
a better estimate of the total distance flown – and therefore 
the likely ground speed – than by using the great circle route 
from stopover to stopover.
RESULTS
Return and retrieval rates
A total of 105 geolocators was deployed in Mar/Apr 2010 
(Appendix Table 2). Fifty nine were BAS units and 46 were 
from SOI. Seventy five were placed on Ruddy Turnstones 
and 30 on Greater Sandplovers. All were deployed on about-
to-migrate fattening adults except for seven which were put 
on juvenile Ruddy Turnstones (to check that one-year-old 
birds do not migrate as is thought to be the case). Forty-seven 
Ruddy Turnstones (63%) and 20 Greater Sandplovers (67%) 
carrying geolocators were seen in the field and/or captured in 
the 2010/2011 season (Appendix Table 2). Resighting rates 
were highest at the closely monitored sites of Barwon Heads, 
Flinders and Broome, and lowest at King Island which was 
only searched intermittently. At Flinders, all 11 birds carrying 
geolocators were seen again, i.e. 100% returned.
Thirty-three Ruddy Turnstones (44%) and eight Greater 
Sandplovers (27%) were recaptured and the geolocators re-
moved (Appendix Table 2). Twenty-three were carrying BAS 
geolocators and 18 had units from SOI. This is closely in pro-
portion to the number of each type of unit deployed (39% of 
each). Of the BAS units 13 were Mk 10 and 10 were Mk 12. 
Twenty of the 30 Greater Sandplovers fitted with both 
geolocators and flags in Roebuck Bay (where scanning for 
flagged birds is carried out intensively) on 14 Mar 2010 (67%) 
were resighted there the following season (Appendix Table 
2). Seventy eight other birds were fitted with flags only on 
the same day and of these 47 (60%) were seen the following 
season. Therefore return rates for the two groups were simi-
lar. Scanning effort for Ruddy Turnstones has not been so 
intensive but available data also suggest similar return rates 
(Victorian Wader Study Group, unpublished information).
Failure rates
A disappointingly large proportion of retrieved geolocators 
did not contain the hoped-for complete records of northward 
and southward migrations in 2010 (Appendix Table 3). All 
of the 18 SOI units failed and it was obvious that many had 
been seriously affected by wear and/or by corrosion from 
the ingress of seawater. Fifteen of the failed geolocators had 
been on Ruddy Turnstones and three on Greater Sandplovers.
Just over half (54%) of the BAS Mk 10 units failed (all 
from Ruddy Turnstones), though one of these contained a 
complete record of northward migration. In most cases the 
cause of failure was not apparent and there was only slight 
evidence of wear or corrosion. 
The results from the BAS Mk 12 geolocators were in-
consistent. All five retrieved from Ruddy Turnstones in SEA 
gave full migration histories. In contrast all five from Greater 
Sandplovers in NWA ceased collecting data after about six 
weeks, providing information only on the northward migra-
tion route and stopover locations. High and low temperature 
tests on Mk 12 units were subsequently carried out by BAS 
without revealing any likely cause of the premature failures. 
There was little wear on the geolocators and no signs of 
major corrosion.
Migration routes
Ruddy Turnstone: northward migration
All ten Ruddy Turnstones for which there was a complete 
 record of northward migration departed from their non-
breeding areas in the second half of April, with departure 
dates ranging from 16 to 30 April (median 25 April). Between 
sites there was no significant difference in median departure 
date (Kruskal–Wallis Test, H = 2.59, df = 2, p = 0.274) 
 (Appendix Table 4).  
All but one bird flew at least 4,000 km on the first leg of 
its migration, with six birds flying around 7,600 km over 6–7 
days direct to Taiwan (Appendix Table 4, Fig. 2).
The duration of the first stopover varied but was mostly 
10–16 days in the birds that flew to Taiwan, but one moved 
on after only seven days and another remained for 22 days 
(Appendix Table 4). Most birds then made a further one or 
two stopovers, generally of rather shorter duration, before 
data recording ceased when they reached beyond about 60°N, 
the region of continuous daylight. Seven of the birds stopped 
over in the Yellow Sea.
The northward migration periods of the ten birds (the time 
that elapsed between leaving the non-breeding areas and 
 entering the region of continuous daylight) ranged from 28 to 
55 days, median 39.5 days (Appendix Table 4). As between 
departure sites there was no significant difference in the birds’ 
median northward migration periods (Kruskal–Wallis Test, 
H = 2.59, df = 2, p = 0.274).
Estimates of migration speed for the first leg of north-
ward migration varied from 48 to 79 kph (mean = 63.4 kph) 
 (Appendix Table 5). Putative ground speed ranged from 51 
to 79 kph (mean = 65.2 kph).
Ruddy Turnstone: southward migration
The nine Ruddy Turnstones for which there was a complete 
record showed a much wider spread of southward routes 
than when they went north (Appendix Table 6, Fig. 3). Five 
followed a somewhat similar path to their northward migra-
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tion, but one returned along a more westerly track, passing 
through Mongolia, while two others made long crossings of 
the western Pacific to Papua New Guinea. 
The most striking change in route was shown by the bird 
that migrated north through China to breed in E Siberia; then 
after breeding crossed to Alaska and returned to Australia 
across the Pacific, making a stopover in the Marshall Islands. 
This was the same individual (9Y, except that its leg flag was 
changed to CMY) that made a similar loop migration the 
previous year, when its Pacific stopover was in Kiribati. Both 
years this bird made round trips of about 27,000 km (Fig. 4).
The length of the initial leg of southward migration ranged 
from 1,000 to 7,500 km (Appendix Table 6). All birds except 
one completed this first movement before the end of July. 
First stopovers ranged from 4 to 45 days, with a median 24 
days.
There is some uncertainty about certain aspects of the 
southward migration because latitudes cannot be accurately 
determined for around ten days before and after the Septem-
ber equinox. However, it appears that most birds made one or 
two further stopovers on their way back to their non-breeding 
areas in Australia (Appendix Table 6). Six of the nine birds 
reached their destinations during 1– 8 Oct. The last to return, 
on 1 Dec, was the bird that had crossed the Pacific from 
Fig. 2.  Northward migration tracks obtained from geolocators on ten 
Ruddy Turnstones from SE Australia in 2010. Birds from Flinders 
are shown in red; from King Island in green and from Nene Valley 
in yellow.
Fig. 3.  Southward migration tracks obtained from geolocators on 
nine Ruddy Turnstones from SE Australia in 2010. Birds from Flinders 
are shown in red; from King Island in green and from Nene Valley 
in yellow.
Fig. 4.  Route recorded by geolocator for Ruddy Turnstone with leg flag CMY (9Y in 2009) showing its southward migration over the Pacific 
two years running; a total journey of 27,000km. 2009 track shown in red, 2010 track in yellow.
91Minton et al.: Geolocator studies on East Asian–Australasia Flyway
Alaska (CMY). The next latest, arriving on 31 Oct, had also 
made a long sea crossing to Papua New Guinea (estimated 
at 8,000 km). 
The southward migration periods of the nine birds ranged 
from 66 to 140 days, with a median of 78 days. 
Estimates of migration speed for two birds on specific 
legs of southward migration were 30 and 40 kph respectively 
(Appendix Table 5). Putative ground speed was estimated at 
39 and 51 kph for the same legs.
Greater Sandplover: northward migration
The routes taken by the five Greater Sandplovers on northward 
migration from Broome, north-west Australia, are shown in 
Fig. 5. More detailed data on these birds is given in Appendix 
Table 7.
The five Greater Sandplovers for which there was a record 
of most of their northward migration started from Roebuck 
Bay with a first leg that ranged from 1,900 to 3,500 km, 
median 2,500 km (Appendix Table 7, Fig. 5). Four birds 
departed between 31 Mar and 6 Apr, with the last one leav-
ing on 11 Apr. 
First stopovers were quite short (7–10 days), and even 
shorter (3 days) in respect of the bird that only covered 
1,900 km on the first leg. All birds then made one or two 
further short (2–9 day) stopovers. 
All geolocators stopped recording data when the birds 
were over N China (four birds) or Mongolia (1 bird) between 
27 Apr and 2 May. They were then 6,200–7,500 km from 
Roebuck Bay. The times elapsed between the start of north-
ward migration and the geolocators ceasing to function were 
19–30 days, with a mean of 25 days. 
Nesting activity 
We found that the light level records from the geolocators 
on some of the Ruddy Turnstones that reached the breeding 
grounds showed periods of fluctuating light and dark. These 
started around 14 June and in one case (ATH) ended on 17 
July, the periods ranging from a few days to 23 days. It is 
likely that these records represent incubation activity; short 
periods indicating failed nesting attempts. This effect has also 
been recorded in geolocator studies on Pacific Golden Plovers 
(Johnson 2011) and Bar-tailed Godwit (Conklin 2010).
DISCUSSION
Return and retrieval rates
When we originally assessed the viability of placing geolo-
cators on waders we considered that it would be worthwhile 
if at least one in five units deployed could be retrieved. The 
retrieval rates on the two species initially selected have 
therefore been more than satisfactory with 44% of Ruddy 
Turnstones and 27% of Greater Sandplovers being recaptured 
a year later. Though units are expected to cease collecting 
new data after a year, the stored data are preserved, provided 
that there is no excessive wear or corrosion. Therefore future 
catches of some of the other birds on which geolocators were 
deployed in 2010 will increase the retrieval rate.
It is also encouraging that no significant problems appear 
to have been encountered by the birds in carrying these 1 g 
geolocators attached to a leg flag. Resighting rates in the sea-
son following deployment (i.e. after the birds had migrated 
to their N Hemisphere breeding grounds and returned) are 
similar to those of birds that were not carrying geolocators 
but which were marked at the same time. The two leg flags 
on birds carrying geolocators make them more obvious in the 
field, but there is no reason to suppose that this means that 
their survival is grossly overestimated. 
Failure rates
The unexpectedly poor performance of the geolocators them-
selves was the only negative result of this study. With all of 
the SOI units and half of the BAS units failing completely, 
or only providing a record of part of the migration, the data 
generated was greatly reduced. Only 11 of the 41 units re-
trieved provided a full record, and one of these was on a bird 
that did not migrate. In spite of this disappointment, consider-
able new and valuable information about migration strategies 
was obtained, including quite a lot on Greater Sandplovers, 
despite the fact that it was limited to the northward migration.
It seems that Ruddy Turnstones give geolocators a par-
ticularly hard time. The failure rates on the relatively proven 
BAS Mk10 units are higher than reported by other researchers 
worldwide (JF). Metal bands on Ruddy Turnstones in Aus-
tralia suffer heavy wear – more so than on any other species 
except Double-banded Plover Charadrius bicintus (VWSG 
& AWSG data) – necessitating bands being placed on the 
tibia rather than the tarsus. Wear of geolocators on Ruddy 
Turnstones is probably caused by regular contact with the 
rocks on which they both feed and roost. Corrosion prob-
ably starts when wear exposes the metal components of the 
geolocator to sea water. 
No obvious explanation could be found for the poor per-
formance of the five BAS Mk12 geolocators retrieved from 
Greater Sandplovers. Subsequently BAS received a number 
of reports that the battery life of this unit was shorter than 
expected and rather variable; the Mk12 unit was therefore 
withdrawn from the market. However, battery problems 
would not appear to be the sole cause of failure. There 
was a marked disparity in our results from the Mk12 units, 
with the five retrieved from Greater Sandplovers all failing 
within six weeks whereas all five units retrieved from Ruddy 
Turnstones gave complete records of both northward and 
southward  migration. BAS Mk10B units were deployed on 
Fig. 5.  The routes taken by five Greater Sandplovers on northward 
migration from Roebuck Bay, NW Australia, in 2010.
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Greater Sandplovers in Roebuck Bay in March 2011 and we 
anticipate that the results will eventually shed further light 
on this subject.
The SOI units had previously been used successfully on 
a range of other species without significant problems. It is 
therefore unlikely that the failure of the units we used was 
due to failure of the circuit boards. The units were delivered 
coated in a “military” varnish, and we subsequently embed-
ded them in Araldite when they were attached to the Darvic 
leg flags. It seems that this method of providing a protective 
covering may not be suitable for geolocators used in some 
shorebird environments. It is clearly necessary to develop a 
really robust protective coating if geolocators are to stand up 
to the rigours to which they are exposed on the legs of Ruddy 
Turnstones in SE Australia. 
Migration routes
Ruddy Turnstone
On northward migration, the ten Ruddy Turnstones tracked 
in 2010 followed a very similar course and pattern to the 
four tracked in 2009 (Minton et al. 2010). Again, most birds 
made their first stopover in Taiwan after an initial flight of 
7,600 km. Most also stopped over in the Yellow Sea (Fig. 2), 
but this appears to be inconsistent with data from leg-flag 
sightings which suggest that the Yellow Sea is not a major 
stopover for turnstones (Minton et al. 2011). However, this 
could arise because turnstones use habitats that are not as 
thoroughly surveyed as the mudflats used by most other wader 
species. If Ruddy Turnstones make heavy use of the Yellow 
Sea, where wader habitats have been devastated by pollution 
and development, this could explain their marked population 
decline in recent decades (Wilson et al. 2011, Minton et al. 
in prep., Rogers et al. in prep.)
Ruddy Turnstones at King Island, the southernmost of the 
four study sites, gain pre-migratory mass earlier than those 
from the mainland sites such as Flinders (Minton 2009), 
which suggests that they depart earlier. This is consistent with 
the fact that the earliest departure we recorded was of a King 
Island bird on 16 April, but more data are required before we 
can conclude that this is generally the case. Although popula-
tions that have further to migrate are likely to depart earlier, 
King Island is only 150 km south of Flinders, which seems 
very small compared with the total northward migration of 
>12,000 km, so it would be surprising if it is proved that the 
two groups have significantly different strategies.
As in 2009, the turnstones migrated southwards along a 
wider diversity of routes than when they went north. Four 
birds took completely different routes to the other five which 
followed tracks that were similar to their northward migra-
tion. One bird shunned coastal habitats, migrating across the 
mainland of E Asia until it reached the coast of S China, with 
a stopover in Mongolia en route. Another, having started on 
the return route taken by the majority, made a flight from the 
Yellow Sea across the western Pacific to Papua New Guinea. 
Another turnstone started by flying eastwards from Siberia, 
and after spending time on islands just off the coast flew 
8,000 km non-stop across the western Pacific to Papua New 
Guinea. This bird appears to have encountered weather prob-
lems mid-way and its track suggests it flew about 8,800 km. 
It was not part of our plan to give Ruddy Turnstone 9Y, 
later CMY, a new geolocator, but we are glad we did. In 2009 
it had returned from Siberia to Australia via Alaska and Kiri-
bati, and in 2010 it again followed an Alaska/Central Pacific 
route, but this time it stopped in the Marshall Islands. This 
bird has now made similar 27,000 km round trip migrations 
in successive years. Its 2009 track was not obviously due 
to some navigational error or unusual weather conditions 
encountered when attempting a more direct return route. 
Moreover the fact that it has taken the same route twice sug-
gests that, at least in 2010, it was taken deliberately. The fact 
that two other turnstones made significant Pacific crossings 
on southward migration indicates that such trans-ocean flights 
may not be uncommon. 
It is not readily apparent why it might be a good strategy 
for some turnstones to make such long flights across a vast, 
almost entirely inhospitable ocean where it would seem 
likely that finding any suitable stopover site is difficult. It 
is therefore all the more surprising that 9Y did not use its 
knowledge of Kiribati to stop there in 2010, but stopped 
2,500 km north-west in the Marshall Islands instead. Another 
consequence of such a long migration is that the bird arrives 
back in its non-breeding area several weeks later than the 
rest. With a complete 3-month moult-cycle to fit in before 
gaining weight prior to the next year’s northward migration 
it would seem to be disadvantageous to arrive back so late in 
the non-breeding/moulting area. 
The duration of southward migration (median 78 days) 
was significantly longer than that of northward migration 
(median 39.5 days; Mann–Whitney test, W = 55.0, p < 0.001). 
This was mainly because stopover periods were significantly 
longer on southward migration (median 22 days) than on 
northward migration (median 8 days; Mann–Whitney test, 
W = 625.5, p = 0.001). On average each bird made 3 stops 
going north and 2.6 stops going south, but this is not a sig-
nificant difference (both medians = 3 stops, Mann–Whitney 
test, W= 111.5, p = 0.37). 
Greater Sandplover
The five Greater Sandplovers followed a more north-westerly 
route from Roebuck Bay than is indicated by flag resightings 
and banding recoveries (Minton et al. 2011). There was some 
variability in distance flown on the first leg but ultimately 
they all made stopovers lasting several days in Vietnam or at 
about the same latitude a little further east. The birds’ routes 
became closer together as they neared their presumed breed-
ing grounds in N China and Mongolia. It is not clear whether 
any had actually reached their breeding areas before the geo-
locators failed. But it seems likely that the bird that reached 
44°N in Mongolia, 7,500 km from Roebuck Bay, had arrived 
at its destination. The duration of northward migration would 
appear to be 25–30 days, almost entirely within the month of 
April (Appendix Table 7). 
It is hoped that the improved BAS Mk10B units deployed 
on Greater Sandplovers in Roebuck Bay in March 2011 will 
provide a much fuller record of their migration. 
Migration speeds
The average migration speed of five Ruddy Turnstones on 
the first leg of their northward migration was 63.4 kph, with 
individuals varying between an average of 48 and 79 kph. 
Although accurate estimates of speed were only obtained 
for two birds during major stages of their southward journey 
both of these showed much lower migration speeds –  averages 
of 30 and 40 kph – than on northward migration. This pre-
sumably means that more headwinds, or adverse headwind 
components, were encountered on southward migration than 
on northward migration. This will also have contributed to the 
overall longer duration of southward migration. 
93Minton et al.: Geolocator studies on East Asian–Australasia Flyway
The speeds achieved on northward migration are still 
significantly below those of 70–75 kph quite frequently mea-
sured for flying waders at Eighty Mile Beach, NW Australia 
(C. Minton et al., pers. obs.). They were however rather high-
er than those reported for Eastern Curlew carrying satellite 
transmitters (Driscoll & Ueta 2002) and those found in Red 
Knot carrying geolocators from Delaware Bay (Larry Niles, 
pers. comm.). They are much less than the incredible 100 kph 
ground speeds reported for Great Snipe carrying geolocators 
and moving between N Europe and Central Africa, apparently 
without significant wind assistance (Klaassen et al. 2011). 
The geolocators used on Greater Sandplovers were BAS 
Mk12 units and did not have conductivity sensors. Rough 
minimum migration speeds obtained from geolocator fixes 
suggested speeds were somewhat below those of Ruddy Turn-
stone determined by the same method. This could be because 
of more unfavourable wind conditions on the more westerly 
tracks they followed or because of an inherent difference in 
flight speed capabilities of the two species. 
Conservation implications
Almost all the birds we tracked made an initial, long, non-stop 
flight at the beginning of their northward migration. Therefore 
it is vital that their non-breeding areas afford adequate feed-
ing conditions to enable them to lay down the necessary pre-
migratory fat resources. They also need to be free from undue 
disturbance at these locations in the period prior to departure. 
A high proportion of the Ruddy Turnstones made their 
initial northward stopover in a rather limited region of SE 
Asia, particularly in Taiwan. Similarly most of the Greater 
Sandplovers made their first stop in the Vietnam region. Again 
it is important that suitable, safe, foraging habitat continues 
to be available in these areas to allow fat reserves to be re-
plenished for onward migration. 
After their initial stopover, the birds seem to use a wider 
variety of locations for the remainder of their northward mi-
gration and also for their southward migration. The Yellow 
Sea is clearly important for Ruddy Turnstones, but this spe-
cies is not concentrated at a particularly location in the same 
way that Red Knots are focussed on Bohai Bay (Rogers et al. 
2010). Nevertheless the changes taking place in the Yellow 
Sea, which are thought to be a principal cause of population 
declines in many wader species, may be a significant cause 
of the recently reported decline in the Ruddy Turnstone 
population in the East Asian–Australasian Flyway (AWSG/
VSWG data).
The Greater Sandplover population in the flyway has 
also declined recently (AWSG data) but with only a small 
proportion visiting the Yellow Sea, foreshore reclamation 
there is unlikely to be the cause. Hopefully further geolocator 
deployments on Greater Sandplovers will soon provide more 
extensive data on stopover locations. 
Nesting activity
While the dark periods in the geolocator output of arctic 
breeders are thought to be associated with nesting activity, 
further analyses and field studies are needed to allow a bet-
ter understanding of how these data should be interpreted. 
Johnson et al. (2011) demonstrate the potential value of this 
approach in the case of Pacific Golden Plovers Pluvialis fulva.
Other analyses
Here we have focused on the retrieval rates and technical 
performance of the geolocators and on the key movement 
data determined from geolocators retrieved in 2010/11. A 
more detailed analysis of these data, coupled with those from 
the 2009 study, is currently in progress. This will also look at 
weather conditions encountered by birds en route. 
Future geolocator studies
Now that it is clear that geolocators can be used success-
fully on all but the smallest wader species it is likely that 
researchers, including ourselves, will continue to exploit the 
opportunity that they afford to the full. In 2011, the Australian 
geolocator programme was expanded to include Eastern Cur-
lew and Sanderling Calidris alba, as well as more geolocators 
on Ruddy Turnstones and Greater Sandplovers. Further de-
ployments of geolocators on Ruddy Turnstones will focus on 
fidelity and flexibility in the migratory strategy of individual 
birds. In this way we hope to reach an understanding of the 
birds’ capacity for adaptation in an ever changing world. 
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APPENDIX
Table 1.  Completed and current geolocator studies of waders known to the authors. 
Species Country Source
Bar-tailed Godwit Limosa lapponica New Zealand Conklin et al. (2010)
Redshank Tringa totanus Sweden Raymond Klaassen pers. comm.
Ruddy Turnstone Arenaria interpres Australia Minton et al. (2010)
Ruddy Turnstone Arenaria interpres Canada Paul Smith pers. comm.
Pacific Golden Plover Pluvialis fulva Hawaii Johnson et al. (2011)
Red Knot Calidris canutus rufa USA Niles et al. (2010)
Red Knot Calidris canutus rufa Argentina Larry Niles pers. comm..
Red Knot Calidris canutus roselaari Alaska Jim Johnson pers. comm.
Willet Catophrophorus semipalmatis USA Joe Smith pers. comm.
Greater Sandplover Charadrius leschenaultii Australia This paper
Great Snipe Gallinago media Sweden R. Klaassen et al. (2011)
Purple Sandpiper Calidris maritima UK R. Summers & B. Ethridge pers. comm.
Dunlin Calidris alpina Alaska Rick Lanctot pers. comm.
American Oystercatcher Haematopus palliatus USA Ted Simonds pers. comm.
Sanderling Calidris alba UK Nigel Clark pers. comm.
Sanderling Calidris alba Australia Clive Minton et al.
Stone Curlew Burhinus oedicnemus Italy Chiara Caccamo pers. comm.
Little Ringed Plover Charadrius dubius Sweden Raymond Klaasson pers. comm.
Lesser Yellowlegs Tringa flavipes USA Rick Lanctot pers. comm.
Hudsonian Godwit Limosa haemastica Alaska Nathan Senner pers. comm.
Eastern Curlew Numenius madagascarensis Australia Clive Minton et al.
Grey-tailed Tattler Heteroscelus brevipes Australia Jon Coleman pers. comm.
Table 2.  Number and type of geolocators deployed on Ruddy Turnstones and Greater Sandplovers in Australia in Mar/Apr 2010 compared 
with the numbers resighted and retrieved during Sep 2010 to Apr 2011 (BAS = British Antarctic Survey, SOI = Swiss Ornithological Institute). All 
were fitted to adults except for seven SOI units that were fitted to juvenile Ruddy Turnstones (three on 16 Apr 2010 and four on 17 Apr 2010).
Species
 
Location
 
Geolocators deployed Mar/Apr 2010 Birds seen or  
recaptured  
Sep 2010– 
Apr 2011 (%)
Geolocators retrieved Sep 2010–Apr 2011
Date BAS 
models
SOI  
models
Total Total retrieved 
(%)
BAS models SOI  
models
Ruddy  
Turnstone
Nene Valley, 
South Australia
4 Mar 2010 10 0 10 6 (60%) 5 (50%) 5 (Mk10) –
Ruddy  
Turnstone
King Island, 
Bass Strait
18 Mar 2010 22 16 38 19 (50%) 12 (32%) 6 (4Mk10, 2Mk12) 6
Ruddy  
Turnstone
Barwon Heads, 
Victoria
16 Apr 2010 6 10 16 11 (69%) 10 (63%) 4 (Mk10) 6
Ruddy  
Turnstone
Flinders,  
Victoria
17 Apr 2010 6 5 11 11 (100%) 6 (55%) 3 (Mk12) 3
Totals  44 31 75 47 (63%) 33 (44%) 18 15
Greater  
Sandplover
Roebuck Bay, 
NW Australia
14 Mar 2010 15 15 30 20 (67%) 8 (27%) 5 (Mk12) 3
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Table 4.  Ruddy Turnstones from SE Australia: summary of geolocator data on northward migration.
Departure  
location 
Flag  
code
Date of  
departure
First leg Stopovers Days from 
 departure to  
loss of signal
Distance  
(km)
Flight duration 
(days)
Number Duration of successive 
stopovers (days)
Flinders,  
Victoria
ANE 17 Apr 2010 7,600 6 2 22, 13 55
APP 29 Apr 2010 2,200 3 4 14, 9, 2, 1 39
CMY 25 Apr 2010 7,600 7 3 7, 2, 7 28
SE South  
Australia
ATD 21 Apr 2010 4,000 3 3 2, 6, 11 31
ATH 25 Apr 2010 4,300 4 5 11, 4, 5, 4, 3 41
AUP 27 Apr 2010 5,000 4 3 13, 11, 3 40
AYV 30 Apr 2010 7,400 7 2 10, 5 31
King Island, 
Bass Strait
KP 19 Apr 2010 7,600 6 3 13, 4, 13 43
KU 25 Apr 2010 7,600 6 2 11, 13 35
YD 16 Apr 2010 7,000 7 3 16, 14, 2 51
Table 3.  Failure rates of retrieved geolocators (BAS = British Antarctic Survey, SOI = Swiss Ornithological Institute).
Model Deployed Retrieved Satisfactory results Failed % Failed
BAS Mk10 27 13 6 a 7 b 54
BAS Mk12 30 10 5 5 c 50
BAS Mk18 2 0 – – –
SOI 46 18 0 18 100
a Includes one bird that did not migrate.
b Includes one bird for which the full northward migration was recorded.
c For all five of these birds only the northward migration was recorded.
Table 5.  Estimates of migration speed and putative ground speed of Ruddy Turnstones fitted with BAS Mk10 geolocators for the first leg of 
northward migration and two example legs of southward migration (see Methods for definitions and the assumptions made).
Flag  
code
Direction 
(N or S)
Departure Arrival Distance (km)1 Flight 
duration 
(hours)4
Speed estimates 
(kph)5
Site Date Time 
(GMT)
Site Date Time 
(GMT)
Great 
circle2
Geo-
path3
Migration 
speed
Putative 
ground 
speed
ATD N S Australia 21 Apr 07:17 Philippines 26 Apr 00:37 6,700 6,900 101.3 66 68
ATH N S Australia 26 Apr 03:41 Java 28 Apr 07:42 4,100 4,100 52.0 79 79
AUP N S Australia 27 Apr 07:34 Borneo 30 Apr 04:04 4,600 4,700 68.5 67 69
AYV N S Australia 30 Apr 08:15 Taiwan 6 May 09:55 6,960 7,400 145.7 48 51
YD N King Island 17 Apr 08:05 Philippines 22 Apr 02:05 6,500 6,700 114.0 57 59
AUP S Heilongjiang, 
China
12 Aug 09:14 Zhejiang, 
China
15 Aug 04:24 2,000 2,600 67.2 30 39
AYV S Commander 
Island
19 Aug 04:55 Papua New 
Guinea
26 Aug 18:55 7,300 9,200 182.0 40 51
1 This is the median of the maximum and minimum estimates of the distance. For each flight we estimate the error in the measurement of distance as 
±100 km. 
2 Distance assuming the bird flew the great circle route between departure and arrival locations. 
3 Distance assuming that the bird flew along the great circle route between successive 12-hour geolocator fixes (see Methods).
4 This is based on the conductivity record and is the maximum time that the bird was out of contact with seawater. This could be the same as actual flight 
time but might oversetimate it by up to about 4 hours. (see Methods).
5 These speed estimates are based on the assumptions and are subject to the sources of error described in footnotes 1–4 above.
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Table 6.  Ruddy Turnstones from SE Australia: summary of geolocator data on southward migration.
Departure  
location 
Flag code Light signal 
regained
First leg Stopovers Days from  
regaining  
signal to  
arrival  
at origin
Date of arrival at 
origin
Distance 
(km)
Flight  
duration 
(days)
Number Duration of  
successive 
stopovers (days)
Flinders, 
Victoria
ANE 18 Jul 2010 2,000 6 2 45, 18 81 7 Oct 2010
APP 5 Aug 2010 3,500 5 3 24, 2, 4 79 23 Oct 2010
CMY 14 Jul 2010 5,200 6 3 34, 35, 29 140 1 Dec 2010
SE South 
Australia
ATD 29 Jul 2010 1,000 1 3 4, 4, 27 66 3 Oct 2010
ATH 17 Jul 2010 2,000 2 3 15, 22, 6 78 3 Oct 2010
AUP 29 Jul 2010 2,300 2 2 13, 30 64 1 Oct 2010
AYV 20 Jul 2010 7,500 7 2 11, 27 103 31 Oct 2010
King Island, 
Bass Strait
KP 24 Jul 2010 3,500 4 2 30, 12 76 8 Oct 2010
KU 23 Jul 2010 1,700 2 3 29, 32, 4 73 4 Oct 2010
YD Geolocator did not record southward migration
Table 7.  Greater Sandplovers from Roebuck Bay, NW Australia: summary of geolocator data on northward migration.
Flag 
code
Date of  
departure
First leg  
distance  
(km)
Stopovers Date signal lost  
(latitude reached)
Distance  
from origin when 
signal lost  
(km)
Days from  
departure to  
loss of signal
Number Duration of  
successive  
stopovers (days)
CKB 1 Apr 2010 2,500 3 7, 2, 2 30 Apr 2010 (36°N) 6,200 29
CKL 1 Apr 2010 1,900 3 3, 2, 9 27 Apr 2010 (36°N) 6,600 26
CJD 6 Apr 2010 2,500 3 8, 2, 3 2 May 2010 (35°N) 6,200 26
CJR 1 Apr 2010 3,500 ? 10, ? 2 May 2010 (44°N) 7,500 30
CJZ 31 Mar 2010 3,900 2 10, 3 27 Apr 2010 (41°N) 6,900 25
